Hydrogenation of cinnamaldehyde in water in the presence of cyclodextrin and supported metallic catalyst has been investigated. The nature of the metal plays the main role in the selectivity of the reaction. The formation of allylic alcohol was achieved in the presence of Pt/C and was slightly improved after addition of cyclodextrin substituted with triazole moiety. However, the contribution of cyclodextrin is modest due to the partial solubility of cinnamaldehyde in water.
Introduction
The selective hydrogenation of -unsaturated aldehydes is of great importance as well for industrial applications and comprehensive aspects. 1 The corresponding unsaturated alcohols found applications in fine chemistry as intermediates in flavour, fragrance or pharmaceutical. 2 As the C=C bond is thermodynamically more easily hydrogenated than the C=O bond, the selective metal catalyzed hydrogenation of conjugated aldehyde to the corresponding unsaturated alcohol remains a challenge.
To circumvent this difficulty several metal hydrides (LiAlH4, NaBH4…) were used in the past to reduce selectively the considered substrate to allylic alcohols. However, they are used in stoichiometric amounts producing therefore large quantity of salts. As solutions, alternative catalytic hydrogenations were reported. For example, homogeneous Rh, Ir and Ru-complexes are efficient and selective using either hydrogen or HCOONa as reductant.
3 These catalysts were used as well in organic solvents or water. To improve catalysts separation, several heterogeneous catalysts were developed. While very efficient, they still suffer of lower selectivity. As a general rule, iridium and osmium catalysts exhibit moderate efficiency in the hydrogenation of -unsaturated aldehyde whereas yielded allylic alcohol in high selectivity. On the other hand, high activity, but low selectivity, was achieved with nickel and palladium catalysts. To end, using platinum or ruthenium catalysts intermediate activity and selectivity was observed. 4 In order to develop suitable catalysts, extensive efforts have been made. Beside the modification of a platinum group metal catalyst by doping with second metal, 5 the main developments concerned the nature of the support that was found to play a role in the selectivity of this reaction. While carbon and non porous metal oxides were mainly investigated, zeolite, clays or carbon nanotubes were also evaluated. 6 Interestingly, it was shown that enhanced selectivity could be achieved thanks to steric effect either due to mutual constraints between the metal surface and the molecule (related to the particle sizes) or, using zeolite as support for metals, imposed adsorption of the aldehyde moiety onto the metal particle resulted from a kind of restricted transition state due to cage effect in zeolite. 7 More recently, catalyst prepared from carbon nanotubes as support allowed also increasing selectivity toward the corresponding allylic alcohol thanks to the preparation of metal particles with the adequate size as well as modifications in the surface chemistry of the catalyst achieved by catalyst's post-reduction treatment. 8 Most of the time, organic solvents were used for this transformation but to develop a more environmentally friendly step, the use of water as solvent is highly desirable. If this approach was developed with soluble metal complexes, to our knowledge, no literature described it with supported metal catalysts. One of the drawbacks relies on the insolubility of the substrate in water. This problem could be circumvented by performing the hydrogenation in the presence of cyclodextrins (CDs). Indeed, these additives are well known to play a positive role in a large number of reactions in aqueous media. 9 In fact, CDs can form inclusion complexes with hydrophobic substrates and solubilise them in aqueous medium. Additionally, it was found that CDs can interact with heterogeneous catalysts by adsorbing at the surface favouring thus their dispersion in aqueous phase by increasing the hydrophilic character of the support. 
Results and discussion
The catalytic performance of commercial Pd/C catalyst was evaluated in the hydrogenation of cinnamaldehyde (CAL) in MeOH and aqueous phase (Scheme 1). The reaction was carried out under 1 atm H2 at room temperature. The results obtained in both solvents are reported in Figure 2 . It is clear that the nature of the solvent played a significant role on the reaction rate: while in MeOH, complete conversion was achieved after 2h, only 68% conversion was obtained after 6h in water. This can be attributed to the low solubility of cinnamaldehyde in water (1.4 g/l). Effect of native -CD and randomly methylated -CD (RAME--CD) was then evaluated. The cyclodextrins were added at a 5% molar ratio in respect to cinnamaldehyde. Irrespective to the nature of the cyclodextrins, the performances of the catalytic system increased significantly and complete conversions were achieved after 5 h.
The benefit effect of cyclodextrins on conversion is likely a consequence of a combination of two effects: the well-known mass transfer promoter properties of the CDs and their dispersing role on the Pd/C catalyst. Benefit effect of cyclodextrin on mass transfer has been ascribed to the formation of inclusion complex between the aromatic ring of cinnamaldehyde and cyclodextrin increasing the solubilization of the substrate in water. The interaction between cinnamaldehyde and cyclodextrin was studied in aqueous solution by numerous research groups. [11] [12] [13] These works have demonstrated that a 1:1 inclusion complex was formed and the value of the association constant depended on the nature of the cyclodextrin. So, the association constants for the -CD/ cinnamaldehyde and methylated -CD/cinnamaldehyde complexes were found to be 533 and 187 M -1 , respectively. 12, 13 The dispersing effect of the Pd/C catalyst in water was based on literature data and some experiments performed on reference solids. Indeed, Abe et al. have reported that 2,6-di-O-methyl--CDs can adsorb on activated carbons 14 and we have demonstrated that, after several washings of Pd/C particles by water, an important amount of cyclodextrin was always adsorbed on the Pd/C surface. 10 The consequence of CD adsorption on the Pd/C surface was an increase in the hydrophilic character of the Pd/C leading to a better dispersion of the Pd/C particles in water.
In the presence of Pd/C, the main product is the saturated aldehyde HCAL, together with the full hydrogenated product HCOL (Figure 3a) . The unsaturated alcohol COL was not observed. It is known that palladium catalyst was selective for C=C bond hydrogenation. In the presence of cyclodextrins (dotted line), the performance of the catalyst increased mainly in the favour of the saturated aldehyde HCAL. Indeed, 60% yield toward HCAL was achieved after 6h. The influence of the support was then evaluated using Pd/SiO2 catalyst (Figure 3b ). In the absence of cyclodextrin, the performance of the catalyst was slightly higher compared to Pd/C and after 4 h, the conversion of CAL and the HCAL yield reached 86% and 65% respectively. In the presence of cyclodextrin, the reaction rate was increased but to a lesser extent. In both cases HCAL was the main product and the corresponding allylic alcohol was not observed. The reaction profile of CAL hydrogenation over Pt/C catalyst is shown in Figure 4a . The reaction was performed under 10 bar H2 at room temperature. The two semihydrogenated products HCAL and COL and the fully hydrogenated compound HCOL were all formed since the beginning of the reaction. As expected, platinum catalyst hydrogenated selectively the C=O bond and the selectivity in allylic alcohol COL reached 60%.
The reaction profile achieved in the presence of -CD was reported in Figure 4b . Only a modest improvement on the performance of the Pt/C catalyst was observed after addition of -CD as the conversion of CAL reached 70% with cyclodextrin after 2h reaction versus 60% without CDs. Addition of cylodextrin did not modify the selectivity of the hydrogenation, the allylic alcohol COL being the main product with 60% selectivity. This moderate influence could be attributed to the partial solubility of cinnamaldehyde in water. We carried out the hydrogenation in saline solution to affect the solubility of cinnamaldehyde. In the presence of NaCl (5M), the reaction rate was dramatically lowered and the selectivity in COL decreased to 38%. No significant improvement was achieved after addition of -CD.
The influence of several substituted cyclodextrins was then evaluated ( Figure 5 ). Addition of cyclodextrin improved moderately the performances of the catalyst: after 2h, the conversion that reached 61% in absence of CDs increased to 70-79% depending on the modified cyclodextrin. The most significant enhancement was achieved using a -CD modified by a triazole group bearing a dimethylamino group (T--CD, Figure 1 ). Interestingly, T--CD influenced positively the selectivity of the hydrogenation of cinnamaldehyde ( Figure 5 and Table 1 ). While addition of -CD, RAME--CD or HP--CD did not modify the selectivity toward COL that stayed around 60% ± 2%, the use of T--CD improved the selectivity towards the allylic alcohol (COL) up to 70% to the detriment of the saturated aldehyde (HCAL). The specific role of this substituted cyclodextrin is not clear. However, it can be suggested that T--CD could also act as modifier of the metallic catalyst besides enhancing the solubility of the substrates or catalysts dispersion in water. In fact, due to the presence of triazole and dimethylamino groups, T--CD could interact with platinum particles modifying the surface environment and the reactivity of the metallic catalyst ( Figure 6 ). 
Conclusion
We have shown that hydrogenation of cinnamaldehyde can be catalyzed by supported metals in water in the presence of cyclodextrin. However, to due the partial water solubility of cinnamaldehyde , the effect of cyclodextrins on the conversion and selectivity is rather modest. In fact, only a CD modified by a triazole group allowed to increase notably the COL selectivity. Works are currently under way to confirm the beneficial effect of triazole -CD in others reactions catalyzed by supported metals.
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